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M any Americans-79.4 million of them-are affected by 1 or more types of cardiovascular disease (CVD). Foremost among cardiac diagnoses is hypertension, affecting 72 million people. Approximately 79 million Americans have had myocardial infarctions (MIs). Coronary heart disease (CHD) affects 15.8 million people, and more than 5 million people have heart failure. 1 Clearly, CVD is a relentless problem that continues to grow by leaps and bounds.
With 1 in 3 American adults being hypertensive and with the lifetime risk of developing hypertension being greater than 90%, hypertension can be considered a national burden. 1 The risk of CVD doubles for every increment of 20/10 mm of mercury in blood pressure (BP), starting at 115/75 mm Hg. 1 This means that a BP as low as 135/85 mm Hg indicates increased risk. Most patients require 2 or more drugs to reach today' s target BP of less than 140/90 mm Hg; those who have diabetes or kidney disease should strive for readings of less than 130/80. 2 Estimates of expenditures related to hypertension and its complications in 2007 indicate that total direct costs will approach $49.3 billion. 1 This expenditure' s driving forces are medical durables, professional expenses, and hospital expenditures.
According to the Seventh Report of the Joint National Committee on the Prevention, Detection, Evaluation, and Treatment of High Blood Pressure (JNC 7), BP is classified progressively from normal (120/80 mm Hg) to prehypertension (120-139 mm Hg systolic) to stages 1 and 2 hypertension (see Figure 1 ). This classification represents a change from previous reports in that prehypertension is a new designation. The term itself-prehypertensionwas identified by patients as prompting them to take action. This classification also eliminates stages 3 and 4 hypertension; regardless of how high the BP rises, the strategy is the same once stage 2 is reached. 3 SUMMARY: Hypertension can be considered a national burden: 1 in 3 American adults are hypertensive, lifetime risk of developing hypertension exceeds 90%, and the total direct costs related to hypertension and its complications approaches $49.3 billion. The risk of CVDs doubles for every increment of 20/10 mm of mercury increase in blood pressure (BP), starting at 115/75 mm Hg. Untreated elevated systolic BP may galvanize artery stiffness, and coronary heart disease (CHD) risk rises as systolic BP rises. Thus, emphasis on diastolic pressure as a risk assessment tool can be misleading, particularly in advanced age.
CONCLUSION: Other risk factors for CHD include elevated cholesterol, low high-density lipoprotein cholesterol (HDL-C), smoking, and diabetes. The relative risk of cardiovascular death is increased in hypertensive patients with history of stroke, diabetes, and kidney disease. Finally, metabolic syndrome, consisting of obesity, low HDL-C, and elevated BP, triglycerides, and fasting glucose, affects 47 million people and increases diabetes and CVD risk.
Throughout life, systolic (but not usually diastolic) BP increases. 4 In patients who have passed their 50th birthday, systolic blood pressure (SBP) is critical. Yet, many people at 70 are normotensive if only diastolic blood pressure (DBP) is examined. 4 The prevalence of isolated systolic hypertension, isolated diastolic hypertension, and combined systolic/diastolic BP varies by age and gender data. Franklin et al. elucidated age-related changes in BP in normotensive and untreated hypertensive subjects using a population-based cohort (N = 2,036) from the original Framingham Heart Study. 3 After excluding subjects being actively treated for hypertension, they identified a linear rise in SBP from age 30 through 84 years and concurrent increases in DBP and mean arterial pressure. After age 50 to 60 years, DBP decline is consistent with increased large artery stiffness. Untreated elevated SBP may galvanize artery stiffness, creating a vicious cycle. This effect was observed independent of gender. The climb in systolic pressure was more dramatic in older females than in males. In fact, in hypertensive patients aged 65 to 89 years, elevated systolic hypertension predominates regardless of gender. Among patients aged 69 to 80 years, systolic hypertension represents 8% and 69% of all hypertension diagnosed in men and women, respectively. 5 Thus, emphasis on diastolic pressure as a risk assessment tool can be misleading, particularly in advanced age. 6 
Multiple Risk Factors
The Multiple Risk Factor Intervention Trial (MRFIT) Research Group assessed the combined influence of BP, serum cholesterol level, and cigarette smoking on death from CHD, with a special emphasis on age. Using a large sample (N=316,099 men) who had been followed for 12 years, the group identified strong associations between SBP above 110 mm Hg and DBP above 70 mm Hg and mortality due to CHD, with SBP being a stronger predictor of death than DBP. Patients with BPs of 160/80 mm Hg were at the same risk as those with BPs of 160/100 mm Hg, indicating that a "normal" diastolic pressure was of little consequence. CHD risk rises as SBP rises. 7 A concurrent diagnosis of diabetes compounds risk. Using data from MRFIT, Stamler et al. examined CVD mortality among 5,163 men who reported taking medication for diabetes. 8 After 12 years, absolute risk of CVD death among diabetic men was 3 times higher than that of nondiabetic men regardless of age, ethnicity, and other risk factors. For a diabetic, cardiovascular mortality per 10,000 patient-years at any level of BP is a much higher risk than for somebody who is not diabetic.
Research has confirmed a "multiplier effect" for systolic pressure when several risky conditions are present. With kidney disease or end-stage renal disease, the relative risk approaches 2.8. Stroke incurs a relative risk of 2.7, and coronary disease increases relative risk 1.5 times. [9] [10] [11] So systolic pressure drives cardiovascular risk as gasoline fuels fire.
The 10-year risk for CHD is clearly associated with SBP and is further influenced by other risk factors: elevated cholesterol, low high-density lipoprotein cholesterol (HDL-C), smoking, and diabetes. Clinicians must examine each individual' s entire risk profile. 12 
Add Obesity to the Mix
Obesity is an issue unto itself, and metabolic syndrome is a growing concern. Obesity is now considered epidemic, and metabolic syndrome is an interplay of lipids, BP, and obesity. Forty-seven million people have metabolic syndrome. The diagnosis requires 3 or more of the following: obesity, low HDL-C, a BP in the prehypertensive range above 130/85 mm Hg, elevated triglycerides, and elevated fasting glucose. 13 Metabolic syndrome increases diabetes and CVD risk. Mexican Americans have the highest ageadjusted prevalence (31.9%) of metabolic syndrome, followed by whites (23.8%) and African Americans (21.6%), who have similar incidences within their populations. 2 Obesity is a real problem, wherein 5% of males aged 12 to 19 years have metabolic syndrome, doubling in prevalence to more than 10% in males aged 30 to 39 years and reaching 45% in males aged 60 to 69 years. Approximately one third of Americans between the ages of 50 and 59 years of both genders have metabolic syndrome. 14, 15 Figure 2 demonstrates how the atherogenic consequences of metabolic syndrome are blatant. Excessive weight causes insulin resistance (difficulty using insulin in the periphery for metabolism).
Insulin becomes elevated with obesity because higher insulin levels are necessary to send glucose into the cells. The beta cells in the pancreas become exhausted, increasing the risk of diabetes. Elevated serum fat content leads to dyslipidemia. The triad of hypertension, elevated lipids, and elevated risk for diabetes contributes to inflammation and accelerated risk of developing atherosclerosis. O ur understanding of the process that leads to hypertension is allowing us to adopt principles of therapy that may be more beneficial for patients. When I was in medical school, we learned that the endothelium was a single cell lining that had a negligible role in the production of compounds affecting cardiovascular function-and that was wrong. Over the years, we have learned that the endothelium is a single layer of cells that surround the arteriole lumen. Underneath the endothelium are the smooth muscle cells. The interaction between the endothelial cell and the smooth muscle cell is very important. Underlying the endothelium and muscle is the third layer, the adventitia. The endothelium is a huge, living organ that has more cells than the liver, which is the largest organ in the body.
Our increased understanding of the endothelium' s role began with the 1980 publication of Furchgott and Zawadzki' s article with the obscure title, "The obligatory role of endothelial cells in the relaxation of arterial smooth muscle by acetylcholine." 1 The first sentence in the abstract states, "Despite its very potent vasodilating action in vivo, acetylcholine does not always produce relaxation of isolated preparations of blood vessels in vitro." Furchgott and Zawadzki had observed that application of acetylcholine in vivo led to arterial vasodilatation. But in biological preparations of smooth muscle, the opposite occurred-vasoconstriction. They hypothesized that the endothelial cell had an important role in smooth muscle relaxation. In the absence of endothelial cells (the in vitro experiment), no vasodilatation occurred. Vasoconstriction did. This finding represented a considerable advance for medicine because the causative compound called endothelial-derived relaxing factor (EDRF) had yet to be identified and, in fact, remained unidentified for years. This work was eventually acknowledged with the Nobel Prize in physiology or Medicine in 1998.
Acknowledging Medical Breakthroughs
The 1998 Nobel Prize in physiology or medicine was jointly awarded to Robert Furchgott, Louis Ignarro, and Ferid Murad "for their discoveries concerning nitric oxide as a signalling molecule in the cardiovascular system." Thus, EDRF was identified as nitric oxide (NO). The exact mechanism, shown in the figure, involves the endothelial cell and smooth muscle. Furchgott and Ignarro demonstrated that applying acetylcholine affects a muscarine receptor in the endothelial surface. It stimulates the enzyme NO synthetase to use L-arginine as a donor source for NO. Gaseous NO diffuses across the endothelial cell and into the underlying smooth muscle cell, where it stimulates the pathway of guanylate cyclase to produce vasorelaxation.
For years, physicians knew that NO-in a form that we use as nitroglycerin tablets sublingually-could help patients with angina or with chest pain due to ischemia. In actuality, giving NO sublingually bypasses the need for endothelial cell action and causes direct smooth muscle cell vasodilatation and symptom relief. 
Author
How does this apply to the endothelium? The endothelium is not a static cell but a group of cells that produce compounds that are important in regulating vascular homeostasis by elaborating factors such as angiotensin II, NO, endothelin, and prostaglandins. The net effect is maintainance of normal vascular tone. The endothelium also maintains normal blood viscosity, prevents abnormal blood clotting, and prevents abnormal bleeding in terms of a balance between plasminogen activator inhibitor-1 (PAI-1) and tissue plasminogen activator. It limits inflammation of the vasculature and it can suppress smooth muscle cell proliferation. These are functions of the normal endothelium. The opposite occurs in the presence of abnormal endothelium.
An abnormal endothelium creates a phenotype that presents in patients with coronary artery disease, diabetics, and high-risk patients. Abnormally functioning endothelial cells cause decreased NO formation and a decrease in vasodilatation, as well as decreased angiotensin I and prostaglandin formation. The net effect is increased inflammation and hypertrophy of the smooth muscle cells. An abnormal endothelium promotes thrombosis and vasoconstriction and creates a situation ripe for establishment and rapid growth of atherosclerotic plaques. The normal endothelium maintains vascular health by providing a balance between vasodilatation and vasoconstriction. Hypertension-particularly in highrisk patients-is a result of loss of balance and the absence of the ability to vasodilate normally.
Antihypertensives and Vasodilation
Panza et al. designed a study to determine whether using antihypertensive treatment in 15 controls and in 15 patients with essential hypertension restores impaired endothelium-dependent vasodilation. 2 They examined vascular responses to acetylcholine and sodium nitroprusside administered into the brachial artery in each patient: after withdrawal of medications, when the patients were hypertensive, and during the medical treatment that reduced BP to normal limits. Forearm blood flow response, a test of endothelial-dependent vasodilatation, was measured. In normotensive controls, acetylcholine-induced forearm blood flow increased with relatively modest reductions in vascular resistance. In the hypertensive patients, blood flow and vascular resistance responses to acetylcholine were significantly reduced. Responses to sodium nitroprusside, a direct vasodilator, were similar between groups. They concluded that clinically effective antihypertensive therapy does not restore the impaired endothelium-dependent vascular relaxation of patients with essential hypertension. Altered endothelial dysfunction is either primary or irreversible once the hypertensive process is established.
The importance of this finding was underscored by a study conducted by Murakami et al. 3 Following 150 patients for 24 months, the researchers established lower, middle and upper tertiles of coronary blood flow increases in response to acetylcholine at the onset of the study. Patients who fell in the reduced endothelial function (lower) tertile experienced cardiac events at a higher rate than other tertiles. Fourteen percent experienced cardiac death, myocardial infarction, the need for revascularization, or worsening angina during the 24-month follow-up period. Two percent and 0% of patients in the middle and upper tertiles, respectively, experienced cardiac events. These findings are not only physiologically but prognostically important.
It remained to be determined whether NO-mediated vasodilation is abnormal in patients with non-insulin-dependent diabetes mellitus, which might explain the high prevalence of vascular disease in diabetes. Williams et al. looked at 21 patients with non-insulin-dependent diabetes mellitus and 23 matched healthy control subjects, again measuring vascular reactivity in the forearm resistance vessels. 4 All study subjects were free of hypertension and hypercholesterolemia. The researchers pretreated subjects with aspirin to inhibit endogenous vasoactive prostanoid production, then administered methacholine chloride (an endogenous NO donor at 0.3 to 10 mcg/min) and sodium nitroprusside (an exogenous NO donor at 0.3 to 10 mcg/min). Although basal forearm blood flow in diabetic and nondiabetic subjects was comparable, forearm blood flow responses to methacholine chloride and nitroprusside were attenuated in diabetic subjects. The blunted response to exogenous as well as endogenous NO suggests either an increased NO inactivation or a decreased vascular smooth muscle reactivity. Again, endothelial dysfunction predicted poor outcome.
Using these findings, one can predict the interaction between insulin and the NO system. Again, acetylcholine using L-arginine Insulin's Role Insulin-mediated vasodilation in skeletal muscle appears to amplify insulin' s ability to stimulate skeletal muscle glucose uptake in insulin-sensitive man. In insulin-resistant states (obesity, hypertension, and non-insulin-dependent diabetes mellitus), insulinmediated vasodilation is blunted and endothelium-dependent vasodilation is impaired. Endothelial dysfunction is thus an integral aspect of insulin resistance, independent of hyperglycemia. It may worsen insulin resistance, increase vascular reactivity, and accelerate macrovascular disease. Insulin plays a key role in terms of healthy endothelium stimulating NO and smooth muscle cell vasodilatation. 5 The table indicates exactly what changes one can expect to see in the diabetic or hypertensive person. 6 All these atherogenic traits can cause problems in the high-risk patient. This demonstrates the importance of healthy endothelium in maintaining cardiovascular health and avoiding problems associated with abnormal endothelial function.
Summary
Nitroglycerine was first used as a vasodilator with no understanding of its mechanisms. Today its mechanisms have been elucidated, as have the links between hypertension and diabetes that are so common. Although many organizations have pushed to encourage physicians to control hypertension in the diabetic patient, we now see the link at the endothelial surface. We have moved forward from nitroglycerine to look at newer compounds that may use a NO synthetase mechanism to enhance NO formation within the vasculature. Understanding endothelial vasculature will be imperative as these new agents are developed.
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As with any chronic condition, primary prevention is the best and most important step. Any intervention or lifestyle change should target things that lead to endothelial dysfunction, one of the earliest manifestations of vascular inflammation. "Appropriate interventions to prevent vascular inflammation include smoking cessation, regular exercise, weight loss, and reduction of dietary fat consumption. 1 "
One sign of endothelial dysfunction is the presence of microalbuminuria. Microalbuminuria is an early red flag that a problem with the vasculature is present. The kidney, as the most vascular organ in the body, will allow small amounts of albumin in the urine, indicative of subclinical cardiovascular disease, that cannot be detected by urine dipstick methods. Vascular endothelial dysfunction indicates that atherosclerotic processes are under way and hypertension is beginning. The risk for new-onset diabetes increases substantially. Kidney function eventually becomes impaired because the kidney cannot regulate the higher pressure. Ultimately over many years, myocardial infarction (MI), kidney failure, or heart failure may develop.
The sympathetic nervous system has a unique role in endothelial function, and beta-receptors are a key part of sympathetic Pharmacological Augmentation of Endothelium-Derived Nitric Oxide Synthesis OBJECTIVE: To elucidate the pharmacological augmentation of endotheliumderived nitric oxide synthesis.
SUMMARY: Beta-blockers have been commercially available since the 1960s. Stimulating beta-receptors causes dilatation whereas blocking betareceptors, as traditional beta-blockers do, cause vasoconstriction. However, beta-blockers are hypotensives. This effect probably occurs because they inhibit renin in the kidney and juxtaglomerular apparatus, especially at high doses. They also have some central effects because of central inhibition of the sympathetic nervous system that also lowers blood pressure. In addition, evidence suggests that beta-blockers work at the vascular biology level to produce nitric oxide release. Beta-blockers differ in terms of their betareceptor selectivity, intrinsic sympathomimetic activity, and benefit/risk in diabetes and insulin sensitivity.
Nebivolol, the newest of the beta-blockers, is long acting and the most cardioselective beta 1 -blocker currently available. Nebivolol-induced endothelium-dependent vasodilation associated with activation of the L-arginine/ nitric oxide pathway may confer benefits to patients. The risk for diabetes is lower, the metabolic effects are lower, and people with diabetes who have clear nitric oxide dysfunction may have particular benefits from this agent.
Pharmacological Augmentation of Endothelium-Derived Nitric Oxide Synthesis nervous system function. As hormones are released, they interact with the following beta-receptors:
• Beta 1 -receptors predominate in healthy cardiac muscle over beta 2 -receptors.
• Beta 2 -receptors predominate in the lungs.
• Alpha 1 -receptors mediate endothelial function and vasoconstriction in peripheral vessels, regulate blood flow to the kidneys, and have been implicated in myocardial hypertrophy and benign prostatic hyperplasia.
• Stimulating beta-receptors causes dilatation. 2 Beta-blocker mechanisms are interesting. Beta-blockers should cause hypertension via beta-receptor blockade, and traditional beta-blockers do vasoconstrict. However, beta-blockers are hypotensives. This effect probably occurs because beta-blockers inhibit rennin in the kidney and juxtaglomerular apparatus, especially at high doses. They also have some central effects because of central inhibition of the sympathetic nervous system (i.e., baroreceptor effects) that also lower pressure. Their ability to slow the heart rate also contributes to lower blood pressure (BP).
Beta-blockers have been commercially available since the 1960s. At this time, the third-generation beta-blockers include labetolol (a nonselective drug with higher affinity for the alpha 1 -receptor than for beta 1 -and beta 2 -adrenergic receptors); carvedilol (beta 1 selective drug that becomes less selective at higher doses and provides alpha 1 -receptor blockade); bucindolol (nonselective drug that inhibits the alpha 1 -receptor); and nebivolol (higher beta 1 selectivity than other beta-blockers, with endothelium-dependent vasodilation associated with activation of the L-arginine/nitric oxide [NO] pathway). These beta-blockers vasodilate by different mechanisms, behaving differently than traditional beta-blockers and offering different benefits.
Although beta-blocker subclasses do not appear to differ significantly in antihypertensive efficacy, beta 1 -selective agents may be more effective than nonselective beta-blockers. Beta-blockers with intrinsic sympathomimetic activity have been shown to have fewer clinical benefits in post-MI patients and precipitate heart failure in high-risk patients. 2 This reduces their clinical utility. Beta-blockers differ in terms of benefit/risk in diabetes and insulin sensitivity. The third-generation beta-blocker carvedilol improves insulin sensitivity while older beta-blockers-propranolol, atenolol, and metoprolol-are associated with decreased insulin sensitivity.
Additionally, endothelial-active antihypertensive agents are now available and inhibit free radical production and prevent activation of adhesion molecules. They also prevent platelet aggregation and inactivation of endogenous tissue plasminogen activator. Preventing these atherosclerosis-forming mechanisms can reduce the burden of disease. 3 The Newest: Nebivolol Nebivolol is the newest of the beta-blockers. Nebivolol is a longacting, highly cardioselective beta-blocker. It is the most selective beta 1 -blocker currently available. Its beta 1 selectivity exceeds that of bucindolol, propranolol, and carvedilol (which have beta 1 /beta 2 ratios of about 5); of metoprolol (which has a beta 1 /beta 2 ratio of about 80); and of bisoprolol (which has a beta 1 /beta 2 ratio of about 125). Its dual mechanism of action includes (1) selective beta 1 -receptor blockade and (2) stimulation of endothelial NO production. These 2 mechanisms work in concert on BP. Its pharmacokinetic profile is appropriate for once-daily dosing. 4 NO mediates stimulation of endothelium-dependent vasodilation. To determine if nebivolol possesses NO-mediated vasodilation effects in man, researchers (Bowman et al.) infused nebivolol alone, and then with a NO inhibitor. This allowed them to determine if NO-mediated mechanisms were at work. Given alone, nebivolol produced dose-dependent venodilation, but when administered with L-NMMA (NG-monomethyl-L-arginine, an NO inhibitor), venodilation was reduced markedly. NO is thus an important part of nebivolol' s vasodilating ability. 5 Nebivolol' s potential value rests in its dose-dependent BP reduction that appears to peak at 5 to 10 milligrams. These doses can be expected to result in reductions of 10 to 12 millimeters of mercury. 6 A double-blind randomized multicenter study by Grassi et al. compared nebivolol' s efficacy and tolerability to that of atenolol over 12 weeks. Middle-aged people with mild-to-moderate essential hypertension were randomized to nebivolol 5 mg daily (n =105) or atenolol 100 mg daily (n =100) after a placebo run-in phase.
Nebivolol and atenolol had similar and significant antihypertensive effects. Nebivolol' s effect on sitting BP at 12 weeks was slightly better than atenolol' s. Both reduced sitting and standing heart rates significantly, but nebivolol caused less bradycardia than did atenolol. Study subjects were better able to tolerate nebivolol and reported fewer side effects. 7 Again, comparing nebivolol and atenolol (in the Grassi study), researchers have confirmed that nebivolol and atenolol reduce SBP and DBP similarly, and that atenolol-treated study subjects tend to have significantly lower heart rates. But researchers found a significant difference in stroke volume. After 2 weeks of treatment with nebivolol, mean stroke volume increased significantly and heart rate slowed significantly, leading to a slight increase in cardiac output that was nonsignificant. Peripheral resistance was reduced significantly.
After 2 weeks of treatment with atenolol, mean stroke volume increased slightly (this was not significant) and heart rate slowed. Cardiac output was reduced and peripheral resistance increased, again in a nonsignificant manner. Atenolol' s antihypertensive effect was attributed to cardiac output and heart rate reduction. Nebivolol' s antihypertensive effect was attributed to reduced peripheral resistance and increased stroke volume with preserved cardiac output. Both drugs reduce heart rate, which is a benefit.
In terms of end diastolic volume, nebivolol creates almost double the benefit of that seen with atenolol (a change of 10.6% vs. 5.7%, respectively). Nebivolol may be even more beneficial than atenolol to prevent heart failure due to its better end systolic volume (a change of 9.2% vs. -0.49%, respectively). 
Pharmacological Augmentation of Endothelium-Derived Nitric Oxide Synthesis
Using a small mouse model, Georgescu et al. investigated the cellular mechanisms by which nebivolol induces renal artery vasodilation. 9 They found that the cellular mechanisms of nebivolol' s vasodilator effect on the renal artery include activation of the endothelial beta 2 -adrenoceptor, participation of calciumactivated potassium channels, and an increase in NO and NO synthase. Nebivolol' s profound vasodilating ability was dose dependent. NO blockade stopped vasodilation almost totally.
A separate study by Kalinowski et al. looked at renal arteries in rats, attempting to determine how nebivolol stimulates NO release from microvascular endothelial cells. 10 The researchers found that nebivolol induces relaxation of renal glomerular microvasculature, using adenosine triphosphate efflux with consequent stimulation of P2Y-purinoceptor-mediated NO release from glomerular endothelial cells. The magnitude of the endothelial NO stimulation and release in the kidney was indisputable.
Chronic inhibition of NO synthesis can lead to arterial hypertension. In another rat study by Fortepiani et al., researchers administered nebivolol (1 mg/kg/day, 14 days) concurrently with the NO synthesis inhibitor NW-nitro-L-arginine methyl ester (L-NAME, 0.1, 1, and 10 mg/kg/day, 14 days). 11 Although glomerular filtration rate and natriuresis remained similar in nebivolol-treated and -untreated rats, nebivolol completely prevented arterial hypertension in the L-NAME 0.1 and 1 mg/kg/ day groups. It reduced the BP increase expected in the L-NAME 10 mg/kg/day dose. Nebivolol' s ability to prevent arterial hypertension associated with chronic NO deficit appears to be related to inhibition of the renin-angiotensin system.
The traditional beta-blockers worsen glucose and lipid parameters in diabetics. [12] [13] [14] [15] [16] [17] Might nebivolol be a more acceptable and effective antihypertensive in people who have concomitant aberrations of lipid metabolism or diabetes? In an observational study (N = 6,376) comparing adult patients with arterial hypertension with and without comorbid conditions (including diabetes), patients were treated with 5 mg nebivolol daily, with older adults (older than 65 years) receiving 2.5 mg. At the end of 6 weeks, significant decreases in SBP and DBP were observed, with 62.2% of the patients reaching normal BPs. Heart rate also improved. During the study, triglycerides fell 13% and cholesterol fell 8%. In diabetic patients, those results were more pronounced (triglycerides decreased 18% and cholesterol 9%). Glucose decreased in diabetics by 16%. 18 Nebivolol monotherapy improves glucose and lipid parameters, even in patients with diabetes.
Summary
Third-generation beta-blockers do provide better tolerability than do traditional agents and may have added benefits due to vasodilating properties. The term "class effect" may now be obsolete for beta-blockers. Older agents (propranolol, atenolol, etc.) were similar with subtle differences in cardio-selectivity, but evidence indicates that effects unrelated to adrenergic blockade are working at the vascular biology level to produce NO release. The newest of the third-generation beta-blockers, nebivolol, offers higher beta 1 selectivity, the highest available compared with other beta-blockers. Endothelium-dependent vasodilation associated with activation of the L-arginine/NO pathway may confer benefits on the patients. The risk for diabetes is lower, the metabolic effects are lower, and people with diabetes who have clear NO dysfunction may have particular benefits from this agent.
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This article is based on a presentation funded by an educational grant from Forest Pharmaceuticals. The author discloses that he has received honoraria from Forest Pharmaceuticals for participation in this supplement. He discloses the following commercial/financial relationships through grant/research support, consultant services, speakers bureaus, and/or advisory boards: AstraZeneca, Abbott, Boerhinger-Ingelheim, BMS/ Sanofi-Aventis, Kos, GlaxoSmithKline, Merck, Novartis, Lilly, Walgreens (Formulary Committee), NIH (NIDDK/NHLBI), and Atlas Foundation. R esearch and theory only has relevance when one is talking about an actual patient. This case study describes a 76-yearold Hispanic woman, RM, who has type 2 diabetes in addition to hypertension. She also has peripheral artery disease and lower extremity edema. Her chief complaint is her blood pressure (BP) and some associated fatigue. Her systolic blood pressure (SBP) ranges from 140 to 200 mm Hg and diastolic BP ranges from 70 to 104 mm Hg when measured at home. Our patient is 5'2" and weighs 175 pounds. Her body mass index (BMI) is 32 and her waist circumference is 36". She is afebrile with a pulse of 70. Her BP is elevated in the office at 160/84 mm Hg, even with repeated readings.
Her medications include the following: During the past 4 weeks, her self-reported random blood glucose levels have ranged between 130 and 186 mg/dL. She adheres to her diet but indicates that glucose control became a problem when the metoprolol XL was added to the regimen. She also complains of bouts of headaches and some facial redness, both of which signal an acute rise in BP, for which she takes clonidine 0.2 mg 4 times a day and as necessary for relief.
■■ Tailoring Care for the Hypertensive Patient
The Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure (JNC 7) of 2004 recommends a diagnostic work-up beginning with an assessment of risk factors and comorbidities using history, physical exam, and laboratory parameters. 1 Comorbidities present influence the drugs available for this patient. We attempt to reveal identifiable causes of hypertension, such as renal arterial stenosis. We also assess for the presence of target organ damage, particularly examining the eye carefully for hypertensive retinopathy; review the EKG for the presence of left ventricular hypertrophy (LVH), which suggests hypertensive heart disease, and review laboratory tests (urinalysis, blood glucose, hematocrit and lipid panel, serum potassium, creatinine, calcium; optional: urinary albumin/creatinine ratio, an assessment for renal disease) and a 12-lead electrocardiogram. 1 Although JNC 7 indicates that the urinary albumin/creatinine ratio is considered optional, subsequent research has confirmed its importance in detecting early the presence of renal disease.
In general, certain steps are essential when treating any patient with hypertension. Behavioral modification is often underemphasized. Weight loss with dietary restriction of simple carbohydrates and saturated fats is most important. In this diabetic patient, weight loss is critical because her glucose control is poor. Often, poor glucose control and poor BP control occur simultaneously. Weight loss is part of the standard treatment regimen and should be emphasized for every obese patient. Excess weight provides the underpinnings for metabolic syndrome: hypertension, dyslipidemia, and glucose intolerance or frank diabetes. It also indicates endothelial dysfunction. 1 Increased physical activity-as appropriate for the patientis also critical. This 76-year-old woman could possibly increase her everyday physical activity by walking more and burning calories in other ways that are not arduous. This patient might be able to walk a few blocks or park the car a little farther away from a store on a nice day or walk down a flight of stairs rather than waiting for the elevator. Small energy expenditures in the form of brief exercise throughout the day over the long haul helps to control weight gain and can result in modest weight loss. Setting unattainable goals is an exercise in futility. 1 Many patients are better able to stabilize their BP if they maintain a normal BMI (18.5-24.9 kg/m 2 ). Clinical trials have looked at the effect of weight loss on BP reduction. With each weight loss of 22 pounds (10 kilograms), SBP drops 5 to 20 mm Hg. Despite this significant improvement, the difficult, frustrating nature of weight loss sometimes discourages physicians and other health care providers from even recommending it. 1 In terms of diet, the Dietary Approaches to Stop Hypertension (DASH) eating plan is a diet rich in fruits and vegetables enriched with low-fat dairy products as a source of calcium. This diet reduces total saturated fat. Adhering to the DASH program has resulted in SBP reductions in the range of 8 to 14 mm Hg. Recommending dietary sodium reduction is important for all hypertensive patients, even though most people will respond, "I don't eat salt, I don't add it at the table, and I don't cook with it." Heightening their awareness that 70% of the sodium we consume is derived from processed foods and teaching them how to read labels will help, as will directing them to low-sodium products available as alternatives for most foods. Sodium reduction can lower BP an additional 2 to 8 mm Hg above that achieved with weight loss. 1 Alcohol restriction or reduction is important for those who have a more than moderate intake (2 drinks per day for men, 1 per day for woman). When taken to excess, alcohol can contribute to high BP and is also associated with poor adherence to medical regimens. 1 Basically, the goal is a stable, consistent foundation of a prudent lifestyle consuming fewer calories, increasing physical activities when possible, and making good lifestyle choices. The particular patient in this case study is high risk, having hypertension, diabetes, and dyslipidemia. Appropriate lifestyle modification can address all 3 problems.
■■ Selecting Appropriate Pharmacotherapy
Treatment is always influenced by the presence or absence of comorbidities. If lifestyle modifications do not work, the clinician must consider drugs. The figure demonstrates the steps the clinician would consider for active drug treatment, according to JNC 7. 1 JNC 7 stages hypertension, and an SBP of 140 to 159 mm Hg is considered stage 1 hypertension; JNC 7 recommends monotherapy initially. A thiazide, angiotensin-converting enzyme inhibitor (ACEI), beta-blocker, calcium channel blocker (CCB), or a combination, if necessary, is appropriate as a first step. In an uncomplicated patient, the goal is usually less than 140 mm Hg systolic and less than 90 mm Hg diastolic. Generally, the lower the pressure, the better; there is nothing magical about 139/89 mm Hg. Using lifestyle intervention with drug therapy can help move the BP reading more toward an optimal reading. 1 Patients with stage 2 hypertension (SBP >160 mm Hg) may require treatment with 2 drugs, even initially. Usually, a thiazide is included in 2 drug regimens because it works well in combination with other antihypertensives, including beta-blockers, angiotensin II receptor blockers (ARBs), and ACEIs or CCBs. Clinical judgment is important, as is awareness of comorbid conditions.
Patients who have compelling indications for specific drug classes are handled differently. Compelling indications are those indications in which benefit from a specific agent has already been shown. An example is beta-blockers' association with a reduction in myocardial infarction (MI). Clinicians choose a beta-blocker for patients with histories of MI to capitalize on its ability to reduce the likelihood of recurrent MI and to lower BP.
If the patient' s BP does not reach the goal, we will perhaps increase the dose (if it is not already at the maximum recommended dose) and/or add another agent.
A meta-analysis of trials (N =18,883) investigating the use of beta-blockers in hypertension was conducted in 1997. Beta-blockers were associated with a reduction in cardiovascular disease (CVD). Psaty et al. identified a significant reduction in heart-failure (42%) and stroke (29%) and a less robust reduction in coronary events (7%), which was not quite statistically significant. These findings make sense because stroke and heart failure are closely correlated to hypertension. The correlation coefficient of BP to heart failure and stroke is much greater than the correlation coefficient with coronary disease. 2 Beta-blockers are used less in hypertensive patients with diabetes, kidney disease, or stroke. Total beta-blocker use in hypertension with heart failure is 56%, which reflects a need for increased understanding by physicians of the importance of these agents. Part of the problem rests with the historical contraindication of betablocker use in patients with heart failure. This contraindication has been put to rest, and we know that reducing the sympathetic responsiveness in heart failure can reduce adverse cardiac events. Three quarters of prescribers use beta-blockers as an intervention for compelling indications in the post-MI patient. In patients with high risk for CVD who do not have heart failure or have had an MI, the use of beta-blockers lags at 37%. 3 Clinical trials and guidelines for compelling indications for individual drug classes indicate when diuretics, beta-blockers, ACEIs, ARBs, CCBs, and aldosterone antagonists should be employed. For beta-blockers, the best candidates are heart-failure patients (in whom beta-blockers are, in fact, a standard of care); post-MI patients to reduce the likelihood of recurrent MI; highrisk coronary patients to improve endothelial function; and in highest-risk patients (diabetics). 1 Regulatory agencies have approved beta-blockers for a remarkable number of indications, but beta-blockers can be differentiated on the basis of beta 1 selectivity, duration of action, intrinsic sympathomimetic activity, lipophilicity, and whether the beta-adrenergic blocking action is accompanied by an alphaadrenergic blocking action. Nebivolol' s ability to activate nitric oxide (NO) synthetase in blood vessels is a unique therapeutic option. It may be useful in a range of off-label indications. 4 Its utility in high-risk patients appears to be quite broad. Heart failure, prolonged QT interval syndrome (a common cause of sudden death), and myopathies are just a few possible conditions where it may be useful; however, it must be emphasized that these are not approved indications. 4 Primary care physicians' perception of antihypertensives' effectiveness can be seen in their prescription choices. For physicians who tend to prescribe ACEIs or CCBs first, these therapies are perceived to be effective in 62% and 58% of patients, respectively. For beta-blocker and diuretic therapies, the physicians' perceived effectiveness was 55% and 39%, or about the same as for those physicians who did not prescribe these agents first. This is not a statistically significant difference. Evaluating the P values for betablockers (P =0.46) and for diuretics (P =0.12) shows that because the ACEI and CCB difference is statistically significant for perceptions by physicians playing a role in their initial choice of therapy, the effectiveness of the drugs eventually influences their decision regardless of what they believe initially. If a physician really believes something is going to work, he or she will use it. Through education, physicians will understand that older drugs, like beta-blockers and diuretics, still have an important role in treating hypertension. Newer agents, and particularly the beta-blocking agents, actually can improve endothelial function and should be considered; that opportunity wasn't available in the past (Table) . 5 JNC 7 emphasizes that evaluation for hypertension includes assessing for the presence of compelling indications; e.g., diabetes, hyperlipidemia, and high coronary risk. These comorbidities may determine specific pharmacologic choices. Lifestyle modifications are crucial to enhancing the success of pharmacologic therapy and should be ongoing. Study data and JNC 7 recommend betablockers for hypertension in patients with compelling indications; e.g., at high risk for CVD and diabetes.
Edgar R. Gonzalez, PharmD, served as moderator for this program (see Faculty).
Dr. Gonzalez: Many years ago, the JNC promoted the statement, "Let' s go with step care." Step care promulgated diuretics as first-line treatment, beta-blockers as second line, and newer agents as third line. Then, a later version of JNC proposed making step care less rigid. Are we seeing a rebirth of beta-blockers? And why has step care been deemphasized?
Dr. Cohen:
Step care was based on Veterans Administration [VA] studies that demonstrated the benefit of lowering blood pressure. The VA started with a diuretic and added reserpine if necessary. Beta-blockers were not available. Hydralazine was used as a vasodialator, and guanethidine was the fourth-step drug. All these drugs have, for the most part, outlived their utility. Applying the VA algorithm for uncontrolled hypertension was the standard for 10 to 12 years. Many physicians labeled it "cookbook medicine" and did not use step care. Medicine' s advances brought new pharmacologic agents: betablockers, CCBs, ACEIs, and most recently, ARBs. This expanded armamentarium and the clinical trials provided the basis for making specific recommendations with respect to compelling indications. JNC guidelines, using the evidence available, evolved. For some patients, nonpharmacologic treatment is appropriate and effective. Allowing an element of clinical judgment persuaded many physicians to conduct careful history, physical, and laboratory assessments to determine which drug to use.
Perceived Effectiveness of Antihypertensives by PCPs by Prescription Choice 5
Current medical practice incorporating evidence-based treatment guidelines indicates that patients are being treated more appropriately and control of hypertension is better overall. We now understand that lowering SBP below 140 mm Hg is better, but we are not necessarily satisfied with a target of 139 mm Hg. In the diabetic patient, for example, and now the renal patient, we understand that we should have an often difficult-to-achieve goal of less than 130 mm Hg. Some of the older drugs, namely, diuretics and beta-blockers and particularly the third-generation beta-blockers, have a lot to offer in terms of maximizing blood pressure reductions and providing benefits beyond just the blood pressure lowering.
Dr. Gonzalez: You were involved with JNC 7 and you have a great understanding of the Multiple Risk Factor Intervention Trial. Is it fair to say that MRFIT opened our eyes to the fact that blood pressure is just not a value or an independent number?
Dr. Cohen: That' s true. Medical professionals now see the continuous relationship between blood pressure and risk for heart attack, stroke, and heart failure. An SBP of 100 plus the patient' s age used to be considered acceptable. The MRFIT and Systolic Hypertension in the Elderly Program [SHEP] studies using diuretics and beta-blockers demonstrated that prudent drug use could contribute to a significant reduction in morbidity and mortality. [6] [7] [8] Subsequently, heart failure admissions to hospitals, the number 1 diagnosis-related group in this country for Medicare patients, fell 54%, strokes were reduced by 33%, and heart attacks fell approximately 20%. 9 Higher BP over time is not something we should write off to old age. It is a treatment target because the risk of stroke, heart attack, and heart failure is real. Patients fear strokes. This fear often persuades them to take medications and may improve adherence.
Dr. Gonzalez: You've served on JNC 7 and have brought us up-todate on the knowledge of NO synthetase. Why have the British downplayed beta-blockers in their National Institute for Health and Clinical Excellence (NICE) guidelines?
Dr. Cohen: The British scientists, using a study they conducted called Anglo-Scandinavian Cardiac Outcomes Trial (ASCOT), found that the blood-pressure-lowering arm that used a CCB and an ACEI versus a beta-blocker (atenolol) and a diuretic did better. 10 But the data show that, in compelling indications populations, beta-blockers are the drugs of choice for the high-risk patient. Vasodilating ability can not only lower blood pressure but can also improve endothelial function and thereby reduce morbidity and mortality. Beta-blockers are an important class of drugs to use or consider using in the hypertensive patient with comorbidities and in those patients who are at high risk. Dr. Cohen: Yes, the ASCOT study used atenolol, but in the post-MI studies, atenolol was never used. Those studies used propranolol, metoprolol, and timolol. Timolol is now used predominantly in ophthalmic preparations. Atenolol is short acting and has not been studied for MI, and that is why we do not use it. We often discuss actions and effects of beta-blockers and call them class effects. The second-and third-generation drugs have demonstrated that it' s anything but a class effect. Specific agents have specific and unique actions.
Dr. Gonzalez: In essence, the data from the Glycemic Effects in Diabetes Mellitus
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This article is based on a presentation funded by an educational grant from Forest Pharmaceuticals. The author discloses that he has received honoraria from Forest Pharmaceuticals for participation in this supplement. He discloses the following commercial/financial relationships through grant/research support, consultant services, speakers bureaus, and/or advisory boards: AstraZeneca, Sanofi-Aventis, King Pharmaceuticals, Novartis, and Merck. M any diabetics develop hypertension. It is a major risk factor for cardiovascular and microvascular complications and often results from nephropathy in type 1 diabetes. Hypertension may be present as part of metabolic syndrome (i.e., obesity, hyperglycemia, and dyslipidemia), which contributes to high rates of cardiovascular disease in type 2 diabetics. Clinical trials confirm that lowering blood pressure (BP) to less than 140/80 mm Hg in diabetic patients reduces cardiac events, stroke, and nephropathy. When treating hypertension in diabetics, clinicians target a lower BP-130/80 mm Hg--in an attempt to reduce the likelihood of cardiac events and stroke. 1 For many years, clinicians believed beta-blockade should be avoided in diabetics. A 1990 study published in the European Heart Journal compared diabetic patients with nondiabetic patients to determine the effect of beta-blocker therapy following acute myocardial infarction (MI). Their large multicenter cohort (N =2,024) included 340 diabetics, 281 of whom survived hospitalization. One year later, the mortality rate was 10% for nondiabetics, and 7% and 13% for those taking and not taking betablockers, respectively. For diabetics overall, mortality was 17%, but diabetics discharged on beta-blockers had a mortality of 10%, compared with 23% for diabetics not on beta-blockers. In diabetics, pulmonary congestion was more prevalent than in nondiabetics, regardless of whether they were taking beta-blockers. Beta-blocker use independently predicted 1-year cardiac survival following hospital discharge for all diabetics. These data began to highlight the importance of using beta-blockade among diabetic patients after acute MI. 2 In this case study, assessment shows that patient RM has poorly controlled hypertension, despite multiple medications. RM has metabolic syndrome complicated by diabetes, microalbuminuria, and peripheral artery disease. Her antihypertensive treatment options must be evaluated in light of the fact that RM has complained that the addition of metoprolol XL made it more difficult for her to achieve glycemic control.
A panoply of drugs and drug classes are available from which to choose: diuretics, beta-blockers, calcium channel blockers, angiotensin-converting enzyme inhibitors (ACEIs), angiotensin II receptor blockers (ARBs), and aldosterone antagonists account for more than 130 antihypertensive medications. The new betablockers must fit into this crowded field. Traditional beta-blockers, while reducing cardiovascular events, may have unwanted metabolic effects. New vasodilatory beta-blockers reduce adverse drug reactions and produce beneficial effects on arterial vasculature. Carvedilol has alpha-blocking actions; nebivolol stimulates nitric oxide (NO). These new agents may be especially useful in heart failure; carvedilol is indicated for both acute and chronic heart failure. 3 The double-blind, randomized Glycemic Effects in Diabetes Mellitus Carvedilol-Metoprolol Comparison in Hypertensives (GEMINI) trial 4 looked at carvedilol' s possible metabolic effects, comparing it with immediate-release metoprolol tartrate. Both drugs were administered twice daily to 1,235 patients with hypertension and type 2 diabetics receiving an ACEI or an ARB. Thus, renin angiotensin system inhibition was ubiquitous. Study subjects' BPs were in the prehypertensive to hypertensive range, and glycosylated hemoglobins (A1Cs) were between 6.5% and 8.5%. Metoprolol doses were initiated at 50 mg and carvedilol was administered at 6.25 mg, each twice daily. Both drugs were titrated up as necessary; the mean daily dose of metoprolol was 256 mg and carvedilol was 35 mg. The trial' s primary endpoint was the difference in the change from baseline in A1C at 5 months. Although both groups' BPs were similar, mean A1C increased with metoprolol, but not with carvedilol. Carvedilol-treated patients also had improved insulin sensitivity, but metoprolol-treated patients did not, with more than two thirds of study subjects achieving a BP of ≤130/80 mm Hg. Progression to microalbuminuria was less frequent with carvedilol than with metoprolol.
Beta-blockers are used less in hypertensive patients with diabetes, kidney disease, and stroke. Older beta-blockers like atenolol and metoprolol have been shown to have detrimental effects on glucose or lipid parameters. Nebivolol does not affect lipid, glucose, insulin, or high-density lipoprotein cholesterol (HDL-C). It stimulates endothelial NO release in renal arteries and improves renal function.
Metabolic Effects of Beta-Blockers
The figure compares various beta-blockers' effects on insulin sensitivity. Celiprolol, carvedilol, and dilevalol all improve insulin sensitivity. The traditional, vasoconstricting beta-blockers do not. 5 Triglyceride elevation and low-density lipoprotein cholesterol elevations do occur with propranolol, atenolol, and metoprolol. 6 A study by Rizos et al. conducted in Europe and published in 2003 compared 2 beta-blockers (nebivolol and atenolol) in combination with a statin (pravastatin) to determine if interference with lipid metabolism differed. 6 Thirty hyperlipidemic patients with concurrent hypertension were treated with either atenolol 50 mg daily (n =15), or nebivolol therapy 5 mg daily (n =15). After 12 weeks of therapy, each group added pravastatin 40 mg daily. Atenolol increased triglyceride levels by 19%; nebivolol increased HDL-C by 8% and decreased triglyceride levels by 5%, but these findings were not significant. Triglycerides kill the beta-cells in the pancreas and are thus important.
Fibrinogen levels were equally and not significantly decreased in both groups by 9% and 7%, respectively. Serum high-sensitivity C-reactive protein levels also fell in atenolol patients by 14% and in nebivolol patients by 15%. In the nebivolol group, glucose levels remained the same, while insulin levels were reduced by 10% and the homeostasis model assessment index (a model of insulin sensitivity calculated using fasting glucose levels multiplied by fasting insulin levels and divided by 22.5) was reduced by 20%. Measures of inflammation, homocysteine levels, and C-reactive protein fell 17% and 43%, respectively. 7 Pooled analysis of 3 pivotal trials looked at the effects of nebivolol on glucose and lipid levels. At the probable maximum dose of 10 mg, no significant change in triglycerides was found. 8 
Other Effects of Nebivolol
Researchers have looked at many of the other effects of nebivolol compared with older beta-blockers, often using animal studies. They have found the following:
• Several beta-blockers, including nebivolol, exert their vasodilatory action through the 5-HT 1A receptor/NO pathway and that treatment with these beta-blockers may protect against renal endothelial injury in hypertension.
• With respect to renal plasma flow, in the presence of a NO blocker, vasodilation does not occur. But in its absence, renal blood flow increases. 9 Erectile dysfunction (ED) is a serious concern and can affect adherence to medications. In a recent study, 44 men aged 31 to 65 years with essential hypertension received atenolol, metoprolol, or bisoprolol for 6 months or more. Results of the International Index for Erectile Function questionnaire revealed that 65.9% experienced beta-blocker-induced ED. After switching to an equipotent dose of nebivolol for 3 months, 11 of the 44 (65.9%) reported their erectile function had normalized. This outcome may be due to increased NO availability. 10 Use of beta-blockers in the elderly also raises special concerns, especially with regard to left ventricular function. Numerous trials (the U.S. Carvedilol Trials, 11 Metoprolol CR/XL Randomised Intervention Trial in Congestive Heart Failure [MERIT-HF], 12 Cardiac Insufficiency Bisoprolol Study [CIBIS], 13 and Carvedilol Prospective Randomized Cumulative Survival Study Group [COPERNICUS] 14 have used different beta-blockers. In patients with heart failure, beta-blockers represent a clear benefit for reducing mortality. Nebivolol' s utility in senior populations was addressed directly in the Study of the Effects of Nebivolol Intervention on Outcomes and Rehospitalisation in Seniors with Heart Failure (SENIORS) trial 15 ; its 2,128 study participants were all older than 70 years (mean age 76 years) and had heart failure. This study more closely approximated a real-world population of heart-failure patients than did previous beta-blocker studies because its participants tended to be older. Most were male, and two thirds of them had clear systolic dysfunction. Most of them had been prescribed ACE inhibitors and diuretics, and approximately 40% were taking digoxin. Approximately 25% were also taking aldosterone antagonists.
The primary outcome measure-all-cause mortality or cardiovascular hospitalizations-was chosen to reflect quality of life in the elderly. Nebivolol dramatically reduced the risk for all-cause mortality and cardiovascular hospitalizations. Beneficial effects appeared after 6 months and were sustained with longer treatment durations. In participants younger than 75 years, nebivolol conferred clear benefit even when ejection fraction exceeded 35%. Nebivolol is effective and well tolerated in elderly patients with heart failure. 15 
Dr. Gonzalez: Microalbuminuria is a marker for endothelial dysfunction. What do you believe nebivolol's effect on microalbuminuria would be?
Dr. Bakris: Studies have not been done, but my opinion based on what I have seen to date is that its benefit would probably be more profound than that seen with carvedilol. Its antioxidant effect in combination with its NO effect should reduce microalbuminuria independent of blood pressure dramatically compared with other beta-blockers. It needs to be tested also against an ACEI. Its utility may be for the elderly who, if they have elevated creatinine levels, cannot take an ACEI, but we must wait for controlled studies to confirm this.
Dr. Gonzalez: Our patient RM said when she presented that her glucose became more difficult to control after starting metoprolol XL.
What message is in her insistence on this point?
Dr. Bakris: We should listen to patients. Because, in fact, some of the best ideas I've had to build my career came from patients.
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Cardiovascular Disease: The Costs
The National Institutes of Health provides a staggering statistic for the cost of cardiac disease in the United States. If one looks at coronary heart disease, the direct and indirect costs are approximately $152 billion. Stroke management costs approximately $63 billion, and hypertension and heart failure cost $66 billion and $33 billion, respectively. The emphasis on preventive measures in coronary artery disease and patients with multiple risk factors for stroke and heart failure is well placed. 1 To get a sense of the 10-year risk of fatal CVD with and without treatment with beta-blocker therapy and savings associated with beta-blocker therapy, Kaltwasser and colleagues 2 followed 8,682 hypertensive patients who received nebivolol 5mg/day. When a cardiovascular death occurred, they determined if the patient had been treated with a beta-blocker. The expected 10-year mortality rate from the Framingham Heart Study estimates that 30% of males and 36% of females die. This study found that 154 male deaths and 159 female deaths could have been avoided by beta-receptor blockade.
Calculating using the euro as a basis, these investigators examined economic impact. The table shows the cost per event and the total value of missed savings: 2.5 million euros or U.S.$3.2 million. 2 These data show that nebivolol provides cost-effective therapy for patients with hypertension and coexisting cardiovascular comorbidities.
Pharmacoeconomic Benefits of Antihypertensive Therapy SUMMARY: Every managed care pharmacist should consider the balance of cost and benefit of antihypertensive therapies, ensuring that best treatment options for patients with the lowest cost to the health care system are available and implemented. Pharmacists must also evaluate the direct and indirect cost associated with risk reduction for stroke and cardiovascular disease.
CONCLUSION: Using an interdisciplinary approach to hypertension treatment, pharmacists can assume a major role in detection, management, and control of hypertensive patients. As the medical teams' drug expert, they will be expected to recommend best treatment options for effective blood pressure control and cardiovascular risk reduction. Patients often believe that any asymptomatic disease and CVD specifically requires treatment that is often more problematic and more painful than the disease itself. Increasing the number of medications on the regimen or number of doses per day complicates matters further. The average patient with hypertension needs 2 to 3 antihypertensives to reach and maintain BP control. 3 Oncedaily hypertensive therapy can be quite helpful.
Maintaining Quality of Life
Must a good antihypertensive effect change quality of life? Researchers compared nebivolol 5 mg and the angiotensin II receptor blocker losartan 50 mg in a double-blind, randomized, parallel study of 314 patients with hypertension over 12 weeks. Both drugs were given once daily. If diastolic response was inadequate after 6 weeks, they added 12.5 mg of hydrochlorothiazide once daily. The drugs' effect on systolic BP was similar, but nebivolol decreased diastolic BP to a greater degree than did losartan. Significantly more losartan-treated patients required supplementary hydrochlorothiazide to achieve BP control than did those treated with nebivolol, thus increasing the number of drugs they were taking. Patients reported similar quality of life (including sexual function) at 6 and 12 weeks. Headache occurred more frequently in the losartan arm. 4 Use of nebivolol may allow monotherapy to a greater extent, improving adherence and reducing copayment burden.
Quality improvement programs can help with adherence issues. Fonarow et al. organized pharmacists and nurses to promote appropriate medications for heart failure patients and to work with hospitalized patients before discharge. 5 Called the Cardiac Hospitalization Atherosclerosis Management Program (CHAMP), it promoted initiation of aspirin, cholesterol-lowering medication, beta-blocker, and angiotension-converting enzyme inhibitor (ACEI) therapies. Hospital staff also counseled patients about diet and exercise at the time of hospital discharge. Treatment rates and clinical outcome were compared in patients discharged after myocardial infarction (MI) in the 2-year periods before and after program implementation. As a consequence of this intervention, aspirin use increased from 68% to 92%, beta-blocker use increased from 12% to 62%, ACEI use escalated from 6% to 58%, and statin use went from 6% to 86%. These improvements were sustained during the 6-to 18-month period after hospital discharge. A larger proportion of post-CHAMP patients (58%) lowered their low-density lipoprotein cholesterol to less than 100 mg/dL compared with only 6% of patients in the pre-CHAMP group. Recurrent MI and 1-year mortality also fell. Enhancing compliance is critical, as is selection of the appropriate therapy for these patients.
Summary
Managed care pharmacists can help patients with multiple risk factors and hypertension in several ways. Healthy People 2010 goals and Health Plan Employer Data Information Set 2006 measures for hypertension will require a much more aggressive approach to achieve desired BP control rates. That means pharmacists must monitor polypharmacy aggressively and become more vigilant for patient adherence. Using an interdisciplinary approach to hypertension treatment, pharmacists can assume a major role in detection, management, and control of hypertensive patients. They must identify and screen patients who may have metabolic syndrome. Their prescription records and medical databases will be used to track drug adherence, treatment control rates, optimal therapy, and overall compliance to therapy. As the medical teams' drug experts, pharmacists will be expected to recommend best treatment options for effective BP control and cardiovascular risk reduction.
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In order to receive CE credit for this program, you must complete the following forms online:
1. Posttest form for this program, "The Changing Landscape of Hypertension and the Evolving Role of Vasodilatory Beta-Blockers," on the AMCP.org Online Learning Center site-to receive CE credit, you must receive a score of at least 70%. You will have 2 opportunities to pass the posttest.
Program Evaluation form
Upon successful completion of this program, you will automatically receive your CE statement. Your CE credits will be automatically archived and tracked for you on the AMCP.org Online Learning Center site. All information is kept confidential. 17. Nebivolol a. is a traditional beta-blocker. b. is a long-acting beta 1 selective with endothelialdependent vasodilation associated with activation of the L-arginine/nitric oxide pathway. c. is a long-acting nonselective beta-blocker with intrinsic sympathomimetic activity. d. is associated with decreased insulin sensitivity.
18. All of the following statements are true except a. Beta-blocker subclasses appear to differ significantly in antihypertensive efficacy. b. Beta-blockers with intrinsic sympathomimetic activity have fewer clinical benefits in post-MI patients and precipitate heart failure in high-risk patients. c. Beta-blockers differ in terms of benefit/risk in diabetes and insulin sensitivity. d. Third-generation beta-blockers improve insulin sensitivity.
19. In a 12-week, double-blind study in middle-aged people with mild-to-moderate hypertension who were randomized to nebivolol or atenolol, a. nebivolol was shown to be more efficacious in controlling blood pressure than atenolol. b. nebivolol caused more bradycardia than atenolol. c. nebivolol had the same effect on sitting blood pressure as atenolol. d. nebivolol was better tolerated and study subjects reported fewer side effects than subjects on atenolol.
20. In an observational study evaluating 6,376 adult subjects with arterial hypertension treated with nebivolol, researchers found that a. at the end of 6 weeks, 62.2% of the patients on nebivolol reached normal blood pressures. b. in diabetics, triglycerides fell by 18% and cholesterol by 9%, and in nondiabetics, triglycerides fell by 13% and cholesterol by 8%. c. the study concluded that nebivolol monotherapy improves glucose and lipid parameters even in patients with diabetes. d. All of the above are correct To complete this activity, go to www.amcp.org (Learning Center/Online CE), where you will access the posttest and evaluation form.
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